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I. SUMMARY AND CONCLUSION 

/ Followinf> a structural evaluation to establish probable failure limits, 

' a series of environmental tests involving temperature cycling, sustained 

acceleration and vibration were conducted on an 18-inch diameter solid rocket 
motor. This motor had previously been subjected to over 320 hours of heat 
sterilization at 275*^F a.-.d employed a flexible grain retention system to 
accommodate this wide range of temperature. 

Despite the fact that thermal, acceleration and vibration loads 
representing a severe overtest of conventional environmental requirements were 
imposed on the sterilizable motor, no structural failure of the grain or 
flexible support system was detected. In view of this, the following 
significant conclusion^ are considered Justifiedi 

1. The flexible grain retention system, which permitted 
sterilization at 275°F on the test motor, can readily be adopted to 
the environmental requirements of an operational motor design. 

2. If further substantiaticn of structural integrity is 
desired, the motor used in this test program is considered acceptable for 
static firing. 

II. INTRODUCTION 

This report describes the .nalysis and testing performed by the 
Aerojet Solid Propulsion Company (ASPC) in order £o determine realistic 
failure limits for a heat steiilizable solid rocket motor. The program was 
sponsored by the Jet Propulsion haboratory under .TPTj Contract 953B1»8 as 
an extension of the work ASPC had performed under NASA Contract NASI-10861. 


heat 
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During the original program ASPC designed and built two 18-inch diameter 
flight weight spherical smtors which successfully withstood over 320 hours 
of sterilisation at a temperature of 275°F. One of these motors was 
static fired and the second motor was selected for the environmental testing 
program described herein. 

One of the key features of these motors is a flexible grain retention 

• 0 

system which minimizes the loads imposed on the propellan*. grain during 
t* » large temperature excursions associated with heat sterilization. The 
b/stsm had performed satisfactorily during sterilization cycles, but its 
flexible nature was the subject of concern with respect to environmental 
loads which might be expected during flight applications. The primary 
objective of the additional investigation was to obtain design information 
which would be of value in adopting this system to operational use. The 
actual program consisted of a structural analysis to determine approximate 
failure loads for various test conditions followed by a series of thermal, 
acceleration and vibration tests. 

III. TEST MOTOR CONFIGURATION 


The sterilizable motor tested in this program had an 18-lnch diameter 
spherical configuration as Indicated in Figure 1. The thin wall titanium 
chamber had been developed for another space motor application and the 
insulation system was modified to incorporate a flexible in retention 
system. This consisted of splitting the thickness of th. r ulation and 
attaching the two parts through a number of circular discs ot rubber 
impregnated glass cloth. By bonding the discs to the insulation in 
alternate locations as indicated in Figure 2, a support system was obtained 
which was very soft in the radial direction, but which had acceptable 
stiffness to react shear loading. 

IV. STRUCTURAL EVALUATION 

Prior to performing environmental rests on the motor, a structural 
evaluation of the design was undertaken in order to determine approximate 
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Figure 1 
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Test Motor Configuration 




Bonded to 
Insulation 



load values at which failuira mit'ht he anticipated. This evaluation 
consisted of a limited material char acter izat ion test prop, ram on the 
various bond systems rombined with stturtural analysis of t lie actual 
motor c-onf ipurat ion. In acrotdanre with a proptam ptound tule, tlie 
predicted failure limits were based on '’■0 percent ptobabilitv. This 
is in marked contrast to conventional structural evaluations where 
marpins of safety are computed on the tiasis of lo bO percent probability. 
Superimposed upon these predicted failure points were the i eijui rement s of 
the proposed Mars Sample Return Mission ■ Iherefoie, the poals of this 
study were as follows! 

1. Determine the points at which the motor would have a 
SO/SO chance of survival under conditions of low temperature, acceleration, 
and vibration. 


2 . Compare these points with those required by the proposed 
Mars Saiiiple Return Mission. 

based on the data from 1 and 2 , determine test levels which 
would demonstrate the rtk'tors capability in lliese three areas. ihe intent 
is to demonstrate that the sterilized rocket motor system vntrld successfully 
withstand the levels of testinp required lor the Mars Sample Return Mission. 

A complete description of the testinp and analysis conducted 
durinp, the structural evaluation phase of the prop, ram is contained in 
Technical I’roptess Rep«jrl Mo. Ilb7-PR-1, dated Tune lb7A. for convenience, 
however, the important results and conclusions with respect to the various 
envi '■on! ental loadings are surmiarized below. 

A. THKRMAI. LOADS 


Rased on analysis the critical area in the motor for thermal 
loadinp, is the liond between the reinforced discs and the insulation. 
Uncertainty associated with the stress-free temperature of the propellant 


(1): "A feasibility Study of Unmanned Rendezvous and Dockinp in Mars 

Orbit . Martin Marietta Corp, W. 1. Scofield, propram manaper, 
Prepared for TPL under contract //9S3746, June, 
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after sterilization makes it difficult to accurately predict a low 
temperature limit at which bond failure would be expected. Based on an 
assumed complete shifting of the stress-free temperature to the maximum 
sterilization temperature of 275°F, however, a minimum temperature of 

was selected for the first thermal cycling tests. It was ant icipate-l 
that, sliould failure not occur du'*inp, this and the subsequent acceleration 
and vibration tests, additional thermal testing to a lower temperature 
might i.e conducted. The requirements for the Mars Sample Return is -10°F. 

B. SUSTAINED ACCELERATION 

Acceleration loads provide the prime reason for having the 
grain retention discs in tiie design. The loads are principally reacted 
tangentially by those discs which are aligned in the plane perpendicular 
to the acceleration vector. By using a large numt)er of discs, uniformly 
spaced over the spherical case, the system is nearly omni-directional and 
the grain response is similar in most directions. 

For sustained acceleration, as opposed to vibration or shock 
acceleration, the bond shear stresses have been calculated as if tlie grain 
were free to move without any restraint other than the retention discs. 

It had been previously calculated that a longitudinal acceleration of 11 g 
could be sustained for one minute before the grain would contact the case, 
offsetting the thermal shrinkage gap. Support from the case would reduce 
the load proportion supported by the retention discs, in effect adding the 
spring rate of the grain itself to the spring rate of the discs. However, 
in predicting ttie l>ond shear failure envelope, support from the case was 
ignored. Figure 3 shows the sustained acceleration as function of time- 
to-failure for the SO/SO failure probai)i li ty. Typical acceleration capa- 
bilities are as follows: 

I second 
1 minute 
I day 
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It Is sppai<*nt that a test condition meetinK t iia ^O/'iO (ailute tar»»*t cannot 
be reasonably atti<!ied. In view of this a noaiinal test condition of 20 p.’s 
for one minute was selected. This value is considered to be well above 
that required by the Mars Sample Return requirement which is lOp for 22ms. 

r. VIBRATION 

Vibration is a special case of acceleration, wherein t' '» response 
interacts to amplify the. input accelerat ion. Therefore, the same ailuie 
limits as were determined for sustained acceleration can be emplo ed for test 
environment criteria. M<iwever , calculation of test input condit'ans required 
to actiieve t iie tarpei SO/SO failure prol'ahllitv would involve a' extensive 
analysis alonp witft special material char act et i rat ion testinp. ITre more 
nirect approach is to measure ttie response levels in a sine r irvev at a lov 
arc eler at ion. 'Mils can t>e used to determine the amplificat on factor as a 
function of frequenry, allowini' t tie prediction of response as a function of 
input. In this wav, t itne-to-fai lure ran he calculated from the resonan* 
ftequencles and the test input accelerations can he calculated from the 'iO/'iO 
failure probability acceleration at that t i me- to- f ai lur e point. On ttre basis 
of t fie above rational, it was derided to establish vibration input limits 
after evaluatinp tfie lo»' level sine surve” test results. 

V. fRST KKSIM.TS 


Knvi tonment al testinp of t lie irM>tor was conduct ed durinp t fie period 
from ?H May to I*! September 1*17/4. Individual reports coverinp the iftermal 
arul vifrration tests fiave been submitted previously^ of 

tliese reports have been reproduced fiete for completeness. 


'"Results of Thermal Testinp", ASIT lecfmical Propress Report ll‘>7-t*R-2, 
tune 107'« 

^^'"Vibrat ion Test Report for the Sterili?ahle Solid Rocket Motor No. 1", 
ASIT Report date»| 21 Aupusi l'l7/i 
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A. 


INITIAL THLRHAL TESTING 


Startinf on 2R Nay 1974 the laotor waa aubjacted to tt<o cycles 
betvaen 77°F (25®C) and 5°F (-15°C), ona of which was conducted In 18®F 
(10®C) incraaenta. C-aln boia aeaauraaenra ware taNan at each step. At 
the final 5®F (-15°C) step, the ia?tor was X-ray inspected and found tc be 
free froa structural daaaf;e. 

1. list. Condi tl one 

The first cycle was conducted as plann^, with two days 
allowed for reaching theraal equilibriua, except where weekends iapoaed 
additional soak time. Figure 4 shows the conditioning box teaperature 
as a function of time. The second cycle was delayed by an electrical 
malfunction, but was otherwise coeipleted as planned. The teaperature-time 
profile is given in Figure 5. 

2. Test Heasureaents 


The propellant grain was sK>nitored for internal shape 
changes at each temperature step. Two diameters and the internal length 
were measured. Figure 6 shows these measurements plotted against tempera- 
ture, and indicates the sequence of temperatures and laeasureaent locations. 

It is apparent that the data are not consistent, in that 
the predicted free shrinkage is in some cases substantiated and in other 
instances contradicted or not repeated. The apparent reason for these 
di set epancies is that tiie machined surfaces of the grain are not uniform 
and ttie actual changes are quite small. Somewhat more elaborate inspection 
tooling would be needed to assure adenuate repeatability in measurement 
location. Visual inspection of the propellant grain surface at 77°F (25°C) 
and 5°F (-15**C) revealed no changes. 
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3. 


Radiographtc Inspection 


At th«* last temperature step (S^^F), the motor was packap.^d 
with thermal insulation and dellveted to the radiographic facility for X-tav 
inspection. Radiographs were taken at 30-dep,tee increments for each end, con- 
centtatinp on tanpential views of tf>e f>ondlines. ITiese were supplemented 
bv centerline and axiol views. Hiere were no indications of bond failure at 
any location. 


Direct measurement of tiie shrinkape pap was obtained from 
tfie X-rav films. The data siiown in Fipure 7 are rept esent at i ve and tend to 
verify the f ree-shr i nkape response of the prain to reduced temperature. 

Fxt rapol at ion of t fie data to tfie zero-pap intercept mipht indicate apparent 
"stress-free" temperatures, except that the pre-sterilization paps at 
ambient temperature would also indicate stress-free temperatures in excess 
of the cure temperature of 13'»°F (*>7^0. Thus, it is obvious that tfie 
imperfect fit of tfie rubf>er Insulation and retention system components 
created sipnificant paps at tfie cure temperature, which allowed considerable 
unrestrained prain expansion dutinp sterilization fieatup. This reduced the 
amount of compression on tfie prain at the sterilization temperature of 275°F 
(135°C), thereby reducinp tfie inner bore deformations below predicted levels, 
as indicated previcusly. Tie as-cast pap also correlates with the propellant 
welpht beinp less than that calculated. 

B. ACCELFRATION TESTING 

Acceleration testinp of the sterilizable motor was suhcont racted 
to Wyle Laboratories in Norco, California, and a copy of the test repcjrt 
covering that test is contained in Appendix A. In summary the motor was 
mounted on a centrifuge and subjected to approximately 19 p’s of lateral 
acceleration for a period of one and one-half minutes. The test was con- 
ducted on 11 July 197A at an ambient temperature ranging from 50 to 90°F and 
the reported accelerations were measured at the c.g. of the motor. Deflection 
gages located as indicated in Figure 8 were continuously recorded during tfie 
test and plots of deflection and acceleration measurements vs time are 
contained in Figure 9, 
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Figure 8 



15 


Location of Deflection Gages in Acceleration Test 
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Figure 9 
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No visible dsmsKe to the nr>tor was noted following the acceleration 
test and subsequent radiographic inspection at ASPC Indicated no changes 
from the pre-test inspection results. 

C. VIBRATION TESTING 


During the period of 29 July through 9 August 197A, Sterilizable 
Motor No. I was subjected to a series of sinusoidal sweep and random vibra- 
tion tests in accordance with the test procedures and requirements specified 
in ASPC test plan, "Vibration Test Plan for the Sterilizable Solid Rocket 
Motor," dated 13 May 1974 (reference Appendix B). 

The test motor was installed in a rigid magnesium vibration test 
support fixture through a bolted attachment of the three motor mounting lugs 
to the test fixture, and w« i maintained in a vertical "nozzle up" attitude 
d'-ring all phases of the vibration test program. 

The sinusoidal and random vibration tests were conducted along 
the thrust (X) and the transverse (Y) axis of the sterilizable motor at 
ambient temperatures (75° to 85°F) in the ASPC Test Operations vibration 
test facility. 

The specific objectives of the Sterilizable Motor Vibration Test 
Program werei 


1. To determine the dynamic response characteristics of the 
propellant retention system over a frequency range of 10 to 2000 Hz for both 
thrust and transverse axis low-level (^1 to ^3G) sinusoidal sweep input 
excitation functions. 

2. To evaluate the frequency response functions obtained from 
the low-level sine sweep survey tests with respect to the results of the pre- 
test motor stress analysis and determine the vibration test conditions that 
would Induce failure of the propellant retention system. 

3. To determine the thrust and transverse axis sinusoidal and 
random vibration test input spectra that tiould give the motor a 50/50 chance 
of survival when subjected to the selected test input spectra. 
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4. To conduct sinusoidal snd rsndosi vibration enduranc* testa 
along each of the twn orthogonal Motor test axes using vibration input spectra 
that would represent a reasonable overteat condition of the motor or a»et the 
Mars Sample Return requirements. 

5. To conduct a comprehensive post-test radiographic inspection 
of the motor and determine If the propellant retention system experienced any 
structural damage during the vibration test program. 

Six crystal accelerometers were mounted on the vibration test 
support and on. and within, the motor during each phase of the two-axis 
vibration tests. One accelerometer was mounted on the test fixture immediately 
adjacent to the 90** motor mounting lug and was used as the input control 
accelerometer during all phases of the two-axis motor vibration tests. One 
accelerometer was mounted on the apex of the forward dome and another was 
mounted on the aft dome adjacent to the nozzle boss. Three accelerometers 
wi ’'e mounted at various axial distances along the propellant bore. See 
figures I and 2 of Appendix B for accelerometer locations. 

The responses of the six accelerometers were continuously recorded 
on a nagnetlc tape recorder during each sinusoidal sweep and random vibration 
test . 


The acceleration response data recorded at the six accelerometers 
during the sinusoidal survey and sinusoidal vibration qualification tests 
were played back through a tracking filter (5 Hz band width) onto an X-Y 
plotter after completion of each sine sweep test. The input and response 
data recorded during the sinusoidal sweep tests are presented in the form of 
filtered acceleration versus frequency X-Y plots. 

The acceleration resporse data of the six accelerometers were 
continuously recorded on a magnetic tape recorder during each 4-min random 
vibratlur. test. 

Each channel of taped recorded random response data was played 
back onto a loop recorder a“d 15-sec data loop was recorded. A power spectral 
density analysis was performed on each 15-sec data sample using analyzer band 
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widths of S Hs fro* 20-120 Hz, snd 50 Hz frosi 120-2000 Hz. Th« Input and 
rstponso data recorded at each acceleroneter during the random vibration 
qualification tests are presented in this report in the form of Power Spectral 
Density versus Frequency plots. 

Visusl Inspections of the motor and test support fixtures were 
conducted lamwdiately after completion of each major test phase conducted in 
each of the two motor test axes. Bolted attachments of the exciter-to-f Ixture 
and test motor-to-fixture were inspected visually and bolt torque checks were 
made after each test to ensure that the measured vibratory reiiponses represented 
the dynamic response behavior of the motor and were not influenced by changes 
in the structural attachment of the motor to the fixture, or the fixture to 
the electrodynamic exciter. 


A susBsary of the specific tests and the test sequence is indicated 

in Table 1. 

Table I 

SUMMARY OF VIBRATION TESTS 


Test Axis 

Test Type 

Test Date 

Transverse Y 

+ 1-G Sine Sweep Survey Test, 
10-2000 Hz, 1 oct/min 

29 July 1974 

Thrust (X) 

^ 1-C Sine Sweep Survey Test, 
10-2000 Hz, 1 oct/min 

30 July 1974 

Thrust (X) 

+ 3-G Sine Sweep Sirvey Test, 
20-2000 Hz, 1 oct/min 

30 July 1974 

Thrust (X) 

Sine Sweep Vibration Qualifi- 
cation Test, ^ 7.5 G from 
10-50 Hz, and ^ 5.0 G from 
50-200 Hz, 1 oct/min 

5 August 1974 

Thrust (X) 

4-Mln/Axis Random Vibration 
Qualification Test, 20-2000 Hz, 
8.55 G-RMS Overall 

7 August 1974 

Transverse Y 

4-Mln/Axis Random Vibration 
Qualification Test, 20-2000 Hz, 
8.55 G-RMS Overall 

8 August 1974 

Transverse Y 

Sine Sweep Vibration Qualifi- 
cation Test, ^ 7.5 G from 
10-200 Hz, 1 oct/min 

8 August 1974 

Transverse Y 

Post-test ^ 1-G Sine Sweep 
Survey Test, 25-150 hr, 

1 oct/min 

9 August 1974 

Complete Motor 

Radiographic Inspection 

12 August 1974 
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Principal Wggultn of ~nirutt (X) Axil T»«tg 


The principal raaiilta obtained during the thrust (X) axis 
* 1-C, and ^ 3-G sine sweep survey tests, and during the thrust (X) axis 
Sinusoidal Sweep Vibration Qualification Test are presented In the forai of a 
tabular susasary In Table 2. 

Analysis of the frequency response data listed In Table 2 
shows that the propellant mass responded principally as a rigid body with 
respect to the compliance of the 33-disc rubber propellant retention system 
when the motor was subjected to thrust axis sine swep vibratory excitation. 
The fundamental thrust axis resonant frequency of the propellant mass with 
respect to the propellant retention system was about 100 Hi, with a corres- 
ponding dynamic amplification factor of about 10, when the motor was subjected 
to the ^ 1-G sine sweep vibratory Input level. 

A thrust (X) axis ^ 3-G sine sweep survey test was conducted 
after the ^ 1-G sine survey test had been completed and the X-Y plots of 
the ^ l-G sine survey response data had been analyzed. ’’Tie objective of this 
supplemental ^ 3-G sine sweep survey test was to obtain an estimate of the 
non-linearily in amplitude response that was expected to occur within the 
31-dlsc rubber propellant retention system. Analysis of the frequency and 
acceleration amplitude response levels listed in Table 2 for propellant- 
mounted accelerometers A-4-X, A-5-X, and A-6-X show that at the ^ 3-G Input 
level the resonant frequencies of the propellant mass decreased from about 
100 Hz at the _ 1-G input level to about 92.5 Hz at the ^ 3-G Input level. 
Similarly, the acceleration response level of about ^ 10 G (at 100 Hz) at 
the + 1-G Input level Increased to + 20 G (at 92.5 Hz) at the ^ 3-G Input 
level. If the propellant retention system was linear, a response amplitude 
of about ^ 30-G would be expected at the propellant-mounted accelerometers 
at the ^ 3-G Input level, 

A comprehensive evaluation of the results of the pre-test 
stress analysis of the motor and propellant retention system was conducted 
with respect to the results of the + 1-G and + 3-G thrust axis sine survey 
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tests. The results of this cosipsrstlve evslustion showed thst the propellent 
retention systeii wss cspsble of wlthstsndlnf a vibratory level of TO C, how- 
ever, the results of the stress analysis showed that the motor lug/bolt 
attachment could only withstand a maximum motor response level of 25 G. 
Structursl fsilure of the motor lug/bolt sttachment war expected to occur 
at a lower input level 5 C) than failure of the propellant retention 
system. 


The guidelines used in the selection of thrust axis 
snd random vibration input spectra were obtained frori the enclosure 
to the letter from Mr. John Nellin, Martin Marietta Aerospace, to 
Mr. Don Udlock, JPL, dated 22 March 1974. The sinusoidal and randc.s 
vibration input spectra cited in the subject letter were based on 
estimated environsiental levels for MAV (Mars Ascent Vehicle) in the 
URDMO (Mars Sample Return) mission. These test levels are as 
follows I 


Thrust Axis 
Sinusoidal Vibration 
Test Input Spectrum 

Freq. Range 

Input Level 

nir5 

(+ Gi 

10-50 

7.5 

50-200 

5.0 

(Limited to 

0.5" double 


amplitude displacement) 


Thrust Axis 
Random Vibration Test 
Input Spectrum 

Freq. Range 

Input Level 

(Hz) 

(G^/Hz) 

20-200 

Increase at 
Idb/octave 

200-1000 

0.054 

1000-2000 

Decrease at 

6db/octave 


Tr”.? G-rms overall) 


The thrust (X) axis sinusoidal vibration qualification 
consisted of one sweep up from 10 to 200 in accordance with the above input 
spectrum using a logarithmic sweep rate of one octave/min. The thrust axis 
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Sinusoidal Vibration Qualification last was followed by 4-ailn random vibration 
teat that was conducted in accordance with the randoai vibration input spectrum 
described above. The principal results obtained during the thrust (X) axis 
Sinusoidal Vibration Qualification Teat are listed in Table 2 on a compaiiaon 
basis with correrpondinit results obtained during the thrust (X) axis ^ l-U 
and * 3-C sine sweep survey teats. The principal results obtained during 
the thrust (X) axis Random Vibtation Qualification Test are shown in Table S. 

The sinusoidal vibration qualification test input spectium 
that was applied along the thrust axis of the aiotor differed from the recom- 
mended sinusoidal vibration input spectrum (Martin Marietta Aerospace) in the 
frequency range of 50 to 200 He. The recommended sinusoidal vibration quali- 
fication test input spectrum specified sn sccelaratlon input level of ^ 7.S C 
from 10-200 Hz. The sinusoidal vibration test input level that was applied 
to the thrust axis of the motor in the frequency range of 50 to 200 Hz was 
♦ 5-G. { 


The A-min/axis random vibration qualification test of the 
motor was conducted in accordance with the random vibration input spectrum 
that was described in the Martin Marietta Aerospace letter, dated 22 March 1*)74. 

The principal results obtained during the A-min thrust axis 
random vibration qualification test are listed in tabular form in Table 5. 

2. Principal Results of Transverse (Y) Axis Tests 

The principal results obtained during the transverse Y-axis 
^ l-C sine sweep survey test and the Y-axis Sinusoidal Sweep Vibration 
Qualification Test are presented in tabular summary form in Table 3. 

Analysis of the frequency response data listed in Table 3 
shows that the propellant m^ss responded principally as a rigid body with 
respect to the compliance of the 33-dlsc rubber propellant retention system 
when the motor was subjected to transverse Y-axis sine sweep vibration 
excitation. 
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Table 3 

COMPARISON SL’MMART OF MAJOR RESONANT FREQUENCIES AND CORRESPONDING 
ACCELERATION RESPONSE LEVELS RECORDED DURING iHE TRANSVERSE Y AXIS 
+ 1-G SINE SWEEP SLIlVEl TEST AND THE Y-AXIS SINUSOIDAL SWEEP 
VIBRATION QUALIFICATION TEST OF STERILIZABLE MOTOR NO. 1 



( 

t 


I 


Limited to 0.5 inches double amplitude displacement. 















The fundanwntal resonant fraquency of the propellant mass 
with respect to the propellant retention system was 100 H*, with a correspond- 
ing dynamic amplification factor of 6,25-7.00, when the motor was subjected to 
the transverse Y axis * l-G sine sweep vibratory input level. 

It should be noted that the fundamental resonant frequencies 
recorded during the Y-axis * l-C sine survey test were similar to those 
recorded during the thrust axis ♦ l-G sine survey test, namely 100 Hi, at 
the propellant-mounted accelerometers. 

The dynamic amplification factors (9,8-10.1) recorded at 
100 Hz at the three propellant-mounted accelerometers during the thrust (X) 
axis * l-G sine survey test were appreciably higher than the corresponding 
dynamic amplification factors (6.27-7.00) recorded at 100 Hz during the 
transverse Y-axis + l-G sine survey test. Table U was included in this 
report as a convenience to the reader so thst a cooiparison of responses of 
the propellant-mounted accelerosieters with respect to both thrust (X) axis 
and transverse (Y) axis ^ l-G sine sweep excitation could be made. 

A similar evaluation of the results of the pre-test stress 
analysis of the motor and propellant retention system was conducted with 
respect to the results obtained from the transverse Y-axis + l-G sine 
sweep survey test. The results of this comparative evaluation showed that 
the motor lug/bolt attachment, the propellant and propellant retention system 
lere capable of withstanding the + 7,5 G (from 10-200 Hz) sinusoidal 
vibration qualification environment cited in the Martin Marietta Aerospace 
letter, dated 22 March 197/i. The results of the pre-test stress analysis 
showed that the motor lug/bolt attachment, the propellant, and the propellant 
retention system could withstand a motor vibratory acceleration level of 
+ 30 G. It was estimated, based on the observed non-linear behavior of the 
propellant retention system, that the 3 propellant-mounted accelerometers 
would not (on a 50/50 chance basis) exceed + 30 G if the recommended ^ 7.5 G 
(from 10-200 Hz) were applied to the transverse Y axis of the motor. The 
results of the pre-test stress analysis showed that the motor anc the propellant 
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SUMMARY OF MAJOR RESONANT FREQUENCIES AND CORRESPONDING 
DYNAMIC AMPLIFICATION FACTORS RECORDED DURING THE + l-G SINE 
SWEEP SURVEY TESTS IN THE THRUST (X) AND TkANSVERSE (Y) 
AXES OF THE STERILIZABLE MOTOR NO. 1 



Input Control Accelerometers 








































retention eystea were capable of withstandliiiS the random vibration qualifi- 
cation test input vpectrun recomaended for the Mars Sample Return 
mission. 


The sinusoidal sweep vibration qualification t^st and the 4i-min 
random vibration qualification test were conducted in accordance with the 
vibration input spectra cited in the Martin Marietta Aerospace letter and 
are as follows! 


Transverse Y Axis Transverse Y Axis 

Sinusoidal Vibration Random Vibration 

Test Input Spectrum Test Input Spectra 



Input Level 

Freq. Range 

Input Level 

(Hz) 

(£ G) 

(Hz) 

(g2/Hz^ 


10-200 

7.5 

20 - 200 

Increase at 

3db/oct. 

(Limited to 0 

.5” double 

200-1000 

0.054 


amplitude displacement) 

1000-2000 

Decrease at 

6db/oct , 


(8,7 C-rma overall) 


The principal results obtained from the Y-axis Sinusoidal Sweep 
Vibration Qualification Test and the Random Vibration Qualification are 
listed in Tables 3 and S, respectively. 

The last test that was conducted during the Sterillzable 
Motor Vibration Test Program was the Transverse Y axis Sinusoidal Sweep Vibra- 
tion Qualification Test. After this test was completed, X-Y plots of all 6 
accelerometer data channels were made from tape playbacks of the taped recorded 
data. Examination of these six X-Y plots showed an anorooly in all 6 accelerometer 

functions that couldn't be explained In terms of non-linear response behavior 
that had been observed and characterized during previous phases of this test 
program. The principal reason for characterizing the responses of the 
propellant-mounted accelerometer as an anomoly was that the decrease in 
resonant frequencies from about 100 Hz at the + 1-G input level to about 57 Hz 
at the ^ 7.5 C input was considered to be greater than was expected on the 
basis of non-linear behavior. 
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COMPARISON OF OVERALL G-RMS RESPONSE LEVELS RECORDED DURING THE 
THRUST (X) AND TRANSVERSE (Y) AXIS A MIN/AXIS RANDOM VIBRATION 
QUALIFICATION TESTS OF THE STERILIZABLE MOTOR NO. 1 

Overall (20-2000 Hz) G-RMS Response Levels 
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It w*t suspected St this time thst soise of the 31 rubber 
propellent retention discs could hsve experienced dansKe during 4-«in Y axis 
random vibration qualification tests that had immediately preceded the Y axis 
sinusoidal qualification test. In sn attempt to test this hypothesis. IS-sec 
data samples from the 1st l5-sec period and the last l5-sec period of the 
4-min Y axis random vibration test were subjected to Power Spectral Density (P.S.D.) 
analyses. The two sets of P.S.D. plots were compered (See Table 5) and 
it was concluded that no significant difference in response was evident from 
this data comparison. The two sets of Y-axis random P.S.D. plots were 
compared with the results of the Y-axis l-C sine sweep survey test, and again 
no significant difference in dynamic response characteristics could be 
detected. It was concluded that the motor and propellant retention had not 
experienced any structural damage during any of the previous vibration tests, 
including the Y-axis random vibration, that had been conducted prior to the 
Y-axis Sine Sweep Vibration Qualification Test. 

In an attempt to further test this hpothesis, a post-test 
* l-C sine sweep survey test was conducted along the Y-axis of tlie motor 
over a frequency range of 25-150 H* using a logarithmic sweep rate of one 
octave/min. The objective of the post-test Y-axis + 1-G sine sweep survey 
test was to determine if the resilts of this survey test would be similar to 
the results of the initial Y-axis 2. sin® survey test that was conducted on 
29 July 1974. The results of the post-test and irttial Y-axis ^ l-G sine 
sweep survey tests are summarized as follows: 


Accelerometer 

Designation 

Accelerometer 

Location 

Initial (29 July 74) 
Y Axis + 1-G Sine 
Survey Test 

Post-Test 
Y-Axis + 
Survey 

(9 Aug, 74) 
l-G Sine 
Test 




Level (+C)| 

Freq. (Hz) 

Level (+C ) 

A-4-Y 

Forward Propellant 
Bore 

100 

m 

4z 

2.3 

A-5-Y 

Center Propellant 
Bore 

100 

D 

41 

3.8 

A-6-Y 

1 

Aft Propellant 
Bore 

102 

B 

43 



4.6 















Analysis of the results presented in the above table shows 
lar^e differences in the resonant frequencies and dynamic amplification 
factors of the * l-C sine survey response functions of the 3 propellant- 
mounted accelerometers during the initial and post-test Y-axis ^ l-C 
survey tests. 


After the post-test Y-axis ^ l-C sine survey had been 
completed, the motor was subjected to a comprehensive radiographic inspection. 
The results of the radiographic inspection showed no evidence of structural 
failure of the propellant, the liner bond system, or the propellant retention 
syytem. 


A rigorous explanation that would account for the large 
decreases in resonant frequencies and corresponding dynamic response 
levels that were observed during the Y-axis Sinusoidal Vibration Qualifica- 
tion Test of the motor cannot be offered at this time. 

D. FINAL THERMAL TESTINC 

Since no detectable damage was incurred during the three tests 
described above, a more severe thermal cycle was added to the program to 
see if the low temperature limit could be further extended. Following the 
ra.tiographic inspection at the conclusion of the vibration test, the motor 
was subjected to shock cooling at -10®F and held at that environmental 
temperature for 48 hours. No measurements were made during this test but 
X-rays taken at the end of the test with the grain still at -10°F revealed 
no separation of the bonded surfaces. The final testing was concluded on 
15 September 1974 and the motor was placed in storage at 80°F. 
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1. 0 PURPOSE 

The purpose of this report is to present the procedures used, 
end the results obtained in the performance of a test program. 
The test program was conducted to determine conformance of 
one SVM>3 Rocket Motor, Part No. 1150644, Serial No. 1, to 
the acceleration test set forth in Reference 2. 1, in accordance 
with Reference 2.2. 


2. 0 REFERENCES 

2. 1 Aerojet Solid Propulsion Company Purchase Order No. S- 115883, 

dated 14 June 1974. 

2.2 Aerojet Solid Propulsion Company Test Specification t\'o. DPT- 

1197*0574, "Acceleration Test Specification for SRM Propellant 
Grain and Grain Retention System", dated 28 May 1974. 


3. 0 MANUFACTURER 

Aerojet Solid Propulsion Company 
Sacramento, California 


4. 0 SUMMARY 

4. 1 One SVM-3 Rocket Motor was subjected to the acceleration test 

set forth in the referenced specification, dnd described in detail 
in this report. 

4. 2 Acceleration testing was performed in accordance with the require* 

ments of the referenced specification. 

4. 3 There was no visible evidence of damage to the specimen as a result 

of the test conditions. 

4. 4 At the conclusion of the test, the specimen was shipped to Aerojet 

Solid Propulsion Company, Nimbus, California. 


MKMM NO 
MO 


^960 
£. 


5. 0 TEST CONDITIONS AND TEST EQUIPMENT 

5. 1 Ambiont Conditiono 

5. 1. 1 Unlooo otherwise epecified herein, ell teete required by the 
• pecifiretion were performed et an atmospheric pressure of 
29. 92 a 1. 0 inches of mercury absolute, a temperature of 
70 ^20F, and a relative humidity of 60% or less. 


i. 2 Instrumentation and Equipment 

5.2. 1 Measuring and test equipment utilized in the performance of 
this contract have been calibrated by the Wyle Laboratories 
Standards Laboratory, or a commercial facility utilizing 
reference standards (or interim standards) whose calibra- 
tion has been certified as being traceable to the National 
Bureau of Standards. All reference standards utilized in 
the above calibration system are supported by certificates, 
reports, or data sheets attesting to the date, accuracy, and 
conditions under which the results furnished were obtained. 
All subordinate standards, and measuring and test equipment 
are supported by like data when such information is essential 
to achieve the accuracy control required by the subject con- 
tract. 

5.2.2 Wyle Laboratories attests that the commercial sources pro- 
viding calibration services on the above referenced equipment, 
other than the National Bureau of Standards, are in fact capable 
of performing the required services to the satisfaction of the 
Wyle Laboratories Quality Control Department. Certificates 
and reports of all calibrations performed are retained in the 
Wyle Laboratories Quality Control files and are available for 
inspection upon request by the customer or government repre- 
sentative. 



5. 0 TEST CONDITIONS AND TEST EQUIPMENT 



Lait 

M«nufacturer Calibration Wyle 

a nd Model No. Detcription Date Number 


5. 2. 3. 1 Accalaratton Taat 


Centrifuge 

Wyle 

0-50 rpm 

0 to 25g 

System 

5348 

EUectronic 

Counter 

Hewlett-Packard 

S21CR 

To lOOK Ha 

4-23-74 

30610 

Voltmeter 

Ballantine 

320 

0 to lOvdc 

4-12-74 

3321 

Digital 

Multimeter 

Fluke 

8000A 

0 to 20 vdc 

12-27-73 

30207 

Power Supply 

Electronic Meas. 
TR036-0. 2 

0 to 36 vdc 

2-5-74 

5405 

Oscillograph 

CEC 

5-124 

0. 25 to 64'7sec 4-20-74 

1. 10 li lOOTL/sec 

51064 

Decade Resistor 

Gen. Radio 
1432N 

To lOK ohm 

4-20-74 

30063 

Wheatstone 

Bridge 

Leeds At Northrop 
4735 

To lOK ohm 

3-13-74 

3325 

Galvanometer 

Honeywell 

104WIG 

0.001 ma/mm 

6-13-74 

2343 

Galvanometers 

CEC 

21.7 mv/ln. 

System 

9656*' 

(4) 

7-319 

• 

calib. 

5882* 

7496* 

4156* 


* Serial Number 
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TEST CONDITIONS AND TEST EQUIPMENT 


Taat Egulpmant (continuad) 

Manufacturar 
Apparatua and Modal No 

Daacription 

Laat 

Calibration Wyle 
Date Number 

Galvanomatar 

CEC 

4. 67 mv/in 

Syatam 

508DT* 


7-315 


calib. 


Calvanomatar 

CEC 

3. 23 v/in. 

Syatam 

4780* 


7-362 


calib. 


Tamparatura 

Laada 6 Northrup 

-100 to -f300F 

1 

1 

31286 

Racordar 

Spaadomax 




Tha following aquipmant waa rantad from Datacraft, Inc. 


Accalaromatar 

CEC 

0 to 25g 

6-17-74** 

6244* 


4-202-001 




Balanca Unit 

Elactro Inatr. 

0 to 22 vdc 

Syatam 

• • 


B12 


calib. 


Attanuator 

Elactro Inatr. 

m m 

Syatem 



B12-853-1B 


calib. 



*S«rial Ntimber 

**DaUcraft, l*ic. Calibration Cartificato ia includad harein aa Exhibit 1, 

Pag a ^4 



HfOIT NO 

NO 


5.38^ 

7 
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REQUIREMENTS. PROCEDURES. AND RESULTS 

Receiving lnsp«ction 

Test byi N, £. SchmitE 

Performed: 11 July 1974 

Performance CriterU Requiremente 

There ehall be no visible evidence of damage to the specimen 
upon receipt at Wyle Laboratories. Identification information 
shall be complete and in conformance widi the shipping docu- 
ments. 

Test Procedure 


Upon arrival at Wyle Laboratories, and prior to any testing, the 
specimen was visually examined for evidence of damage vdiich 
may have been incurred in shipment. 

Identification information on the specimen was checked for 
completeness and conformance with the shtppiz..^ document. 

Results of the visual examination, with identification information, 
were recorded on the appropriate test data sheet. 

T est Results 

There was no visible evidence of damage t<-» the specimen upon 
receipt at Wyle Laboratories. 

Identification information on the shipping document designated 
the unit as a SVM-3 Rocket Motor, Part No. 1150644, Serial 
No. 1. No identification information appeared on the specimen. 

The receiving inspection test data sheet is included in this report 
as Page 1 1. 
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6. 0 REQUIREMENTS. PROCEDURES. AND RESULTS 

6. 2 AcolTatioB TMOt 

T«ot by: N. E. Schxntts 

SUrUd: 11 July 1974 

CompUUd: 11 July 1974 

6. 2. 1 Performanca Crif rU RMOutramanf 

Rafaraaco 2. 2 

Tha spaclman shall complata tha accalaration tast with no vlsibla 
avldanca of damaga. 

During tha accalaration tast, functional paramatars as dascribed 
balow, wara racordad on a diract writing oscillograph. 

6. 2 Tast Procadura 


Tha rockat motor was daliverad to Wyla Laboratorlas with four 
llnaar potantlomatars attachad to tha propallant grain. Tha 
potantlomatar mounting «as accomplishad by parsonnal of 
Aarojat Solid Propulsion Company (ASPC). Two of tha potentiom- 
atars wara mountad to racord axtand data and two wara mounted 
to racord retract data. 

A rockat motor holding fixture, fabricated by ASPC, was attachad 
to tha centrifuge arm. An acceleromatar was attachad to the fix- 
ture at the canter of gravity of tha rocket motor. The radius of 
gyration, from tlia canter of the centrifuge to the center of gravity 
of tha rockat motor was measured to be 350. 625 inches. 

One galvanometer was attachad to each of tha four potantlomatars, 
one galvanometer was connected to tha rotational spaed pickup, 
and one was connected to the static accelerometer. Tha six 
galvanometers ware attached to a diract writing oscillograph to 
racord tha above parameters during tha test. 
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6. 0 REQUIREMENTS. PROCEDURES. AND RESULTS 

6. 2. 2 (continued) 

The fovr fr^lvanometere attached to the linear potentiometi;re 
were calibrated to reaietance change* equivalent to 0, 0. 1, 

0. 2, 0. 3, and 0. 4 inches of deflection. The maximum sensi- 
tivity was set such that 0.4 inch deflection equalled three 
inches. 

The galvanometer attached to the static accelerometer was shunt 
calibrated at levels equivalent to 4. 53. 9. 06. and 18. 04g. The 
maximum sensitivity was set such that 20g acceleration was equal 
to two Inches. 

The rocket motor was then bolted to the holding fixture and the 
motor temperature measured at two locations just prior to 
starting the test. The two measurement points were the forward 
end and the aft end. 

(Photographs 1 through 4 illustrate the test specimen mounted on 
the centrifuge for acceleration testing. ) 

The centrifuge was then started and rotated to a speed that sub- 
jected the rocket motor, at center of gravity, to an acceleration 
of 20 el gravity units. The rotational speed of the centrifuge was 
increased from aero to te&t level, held at test level for approxi- 
mately 1. 5 minutes, and decreased to sero within a period of ten 
minutes. 

During the ten-minute acceleration period, the direct writing 
oscillograph was operated at a paper speed of four inches per 
second. 

Following the acceleration test, the rocket motor was removed 
from the holding fixture and visually examined for evidence of 
physical or mechanical damage. 
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6. 0 REQUIREMENTS. PROCEDURES. AND RESULTS 

6. 2. 3 T««t R««uit» 

The rocket motor euetelned no visible physical or^flbchanical 
damage. 

The acceleration oscillograph recording was evaluated for maxi- 
mum acceleration level and duration. 

The results of the recordings of the four linear potentiometers 
shall be determined and evaluated by personnel of ASPC. 

Results of the acceleration test are presented on the test data 
sheets included in this report as Pages 12 through 19. 
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1 . 


INIKOUUCTION 


Thlit tebt plan deacrlbas tlie vibration teat setupa, accelerometer 
Instrumentation plans, and test procedures tliat will be used in conducting 
the sinusoidal and random vibration tests of one sterilizable solid rocket 
motor in accordance with the test requirements specified in Article 1, 
Exhibit "A", of JHL Contract No. 953848. 

The test motor will consist of an unfired SVM-3 titanium motor case 
in which the live ANB-3438 propellant and SU-886 liner are structurally 
attached to the insulated motor case by means of a 33-disc rubber propellant 
retention system. 

The test motor will not contain a nozzle or igniters. The design 
details of the SVM-3 motor case and propellant grain configuration are 
shown in ASPC Drawing No. 1150644. The design details of the 33-disc 
rubber propellant retention system are sitown in ASPC Drawing No. 1150643. 

The sterilizable motor is unique and different from all the previously 
tested ASPC space vehicle motors (SVM-1 ttirough SVM-6) because of the 
rubber propellant retention system. The propellant retention system is 
incorporated into the design of the motor to enable the motor to with- 
stand a sterilization temperature of 275*F without inducing thermal 
failure stresses in the propellant-llner-case bond system. 

For this reason, emphasis in this motor vibration test program will 
be directed toward." obtaining sinusoidal and random vibration input and 
response measurements of the motor case and propellant that could be used 
to characterize the dynamic response behavior of the propellant retention 
system. The resonant frequencies, dynamic amplification factors, and 
corresponding mode shapes of the motor case and propellant obtained from 
the 1-G Sire Survey Tests will be evaluated with respect to the results 
of the pre-test propellant and propellant retention system stress analysis. 
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1, Introduction (cont.) 


The failure limits associated with sinusoidal and random vibration test 
conditions will be established and a set of sinusoidal and random vi- 
bration test input spectra that would give tlie motor a 30/30 cliancc of 
survival when subjected to the selected sinusoidal and random vibration 
test conditions will be determined. 

If the vibration test input spectra that would give the motor a 
30/30 chance of survival are excessively more severe than the vibration 
test input spectra that are generally specified for vibration tests c 
similar type of Apogee kick motors (SVM-1 through SVM-6), a set of 
realistic sinusoidal and random vibration test Input spectra will be 
selected for the sterilizable motor vibration test program that represent 
the maximum vibration input environments that are associated with the 
launch/boost phase of a space vehicle. 

The objewtlves of the JPL sterilization motor vibration test pro- 
gram are: 

A. To determine the resonant frequencies, dynamic amplification 
factors of the motor and establish the dynamic response behavior of the 
propellant retention system. 

B. To evaluate the results of the motor vibration tests with 
respect to the pre-test motor stress analysis and determine the vibration 
test conditions that would induce motor failure. 

C. To determine a set of sinusoidal and random vibration test 
input spectra that would give the motor a 30/30 chance of survival when 
subjected to the selected vibration test environments. 
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1, Introduction (cont.) 


‘d. To conduct the motor vibration test using sinusoidal and random 
vibration test input spectra that would give tlie motor a bO/SU chance of 
survival, or if this test is unrealistically severe, conduct the vibration 
tests of the motor using a less severe vibration test Input environment 
that represents a realistic and reasonable overtest coiditlon of the motor. 

The SVM-3 Titanium motor case, the rigid magnesium test support 
fixture, and the magnesium transverse axis drive and attacli tooling have been 
used successfully during the 1469-1970 sinusoidal and random vibration 
testing of a series of S\'M-3 development and qualification test motors. 

The SVM-3 test fixtures and drive/attach tooling were designed and fabri- 
cated by Kimball Industries, Inc., Covina, Calif., to be compatible with 
tlie Ling Model A-249 electrocy namic exciter. 

The 1-C Sine Survey tests will be completed in each of the two 
motor test axes prior to the initiation of any full-level sinusoidal or 
random vibration endurance testing. This procedure is considered neces- 
sary to ensure that the fundamental frequency and modal response charac- 
teristics of the motor and propellant arc obtained in each motor test 
axis during this program for an applied low-level 1-G constant sinusoidal 
acceleration input level. 

All vibration testing of tlie sterillzable motor will be conducted 
at ambient temperatures. The responses of all attached accelerometers 
will be continuously recorded on a magnetic tape recorded througliout eacli 
sine survey, sine endurance, and random vibration endurance test. 

Comprehensive radiographic inspections of the test motor will be 
conducted prior to the start of, and at tlie completion of, the vibration 
test program. 
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1, Introduction (cont.) 


The test motor will not be static fired at the completion of the 
vibration test program. 

11. VIBRATION TEST SETUPS 

A. GENERAL 

i 

The sterilizable motor is spherical in shape, weighs about 
152 lb, and has a diameter of 18 in. 

The motor case is made from 6A1AV titanium and the case 
thicknest varies from 0.031-0. 036-in. except in the thickened regions 
of the equators and the bosses where the case tliickness reaches a maxi- 
mum of 0.045-ln. 

The test motor will not contain a nozzle or igniters during 
this test program. 

Live ANB-3438 propellant and the SD-886 liner will be attached 
to the insulated motor case by means of a 33-disc rubber propellant re- 
tention system. 

The motor will be bolted to the rigid magnesium test fixture 
at its three motor mounting lugs and will be maintained in a vertical, 

"nozzle up" during both the thrust (x) and transverse y axis testing. 

See Figures 1 and 2. 

The motor case and propellant grain configuration are described 
in ASPC Drawing No. 113U644 and the propellant grain configuration is des- 
cribed in ASPC Drawing No. 1130643. 
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11, vibration Taat Setups (cent.) 

' B. THRUST (X) AXIS VIBRATION TEST SETUP 

The sterllizable notor will be bolted to the split steel ring 
at the top surface of the magnesium test support fixture through the three 
motor mounting lugs as shown In Figure 1. Design details of the magnesium 
test support fixture and the split steel ring are described In ASPC Drawing 
No. E-1104189. 

The base of the magnesium test fixture containing the test motor 
will be bolted directly to the upper surface of the moving element of the 
Ling Model A-249 electrodynamic exciter as shown In Figure 1. 

The specified x (thrust) axis sine and random vibration input 
spectra will be applied by the electrodynamic exciter to the base of the 
magnesium test support fixture along an axis parallel to the thruat axis 
of the motor. 

The following tabulation Is a weights sumnary of the thrust (x) 
axis test configuration: 


Component 

Wei. It 

Motor 

152 

Magnesium Test Fixture 

330 

Split Steel Fixture 
Motor Mounting Ring 

30 

Ling A-249 Exciter 
Moving Element 

400 


912 
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II. vibration Taat lalupn (cent.) 


‘C. TRANSVERSE Y (90*-270*) AXIS VIBRATION TEST SETUP 

The teat aotor will be bolted in a "noztle up" vertical attitude 
to the aplit steel ring at the top of the magnealum test support fixture 
through the three motor mounting lugs. A 3/4-in. thick magnesium slip plate 
will be bolted to the base of the magnesium test support fixture. The base 
of the magnesium slip plate will be placed on the oil film surface of the 
vibration slip table. 

The exciter system will be rotated 90* about its trunnion axis 
and the Kimball Industries. Inc., magnesium driver bar (P/N 6014) will be 
bolted at its base to the moving element of the Ling Model A-249 electro- 
dynamic exciter. The structural attachment of the magnesium test support 
fixture to the magnesium driver bar will be made through the magnesium tool 
plate (ASPC Drawing No. E-1104189). A schematic view of the transverse y 
(90*-270*) test setup is shown in Figure 2. 

The following tabulation is a weight summary of the transverse 
y (90*-270*) axis test configuration: 

Component Weight (lb) 


Motor 

132 

Split Steel King 

30 

Magnesium Test Fixture 

330 

Magnesium Driver Bar 

170 

Magnesium Drive Plate 

42 

Magnesium Slip Plate 

60 

Exciter Moving Element 

400 


1184 


i 
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II, C, Trans’frs* y (90**270*) Axis Vibraclon Teat Setup (cent.) 


The apaclficd tranaveraa y aala alna and randoai vibration input 
apactra will ba applied by the alectrodynaaic exciter to the nagneaiua teat 
aupport fixture along an axia par.^llel to the 90*~270* aotor axia. 

III. VIBKATIOH TEST INSTRUMENTATION 

A. THRUST (X) AXIS INSTRUMENTATION 


Six cryatal acccleronetera having flat frequency reaponac 
characteriatica over a frequency range of 5 to 2000 Hz will be nounted on 
the teat aupport fixture, the motor caae, and the propellant bore aa aho%m 
in Figure 1. 


The apecific locationa and orientationa of the aix x (thruat) 
axia acceleroketera are deacribed in the following table: 


ACCELEROMETER INSTRUMENTATION PLAN 
STERILIZABLE SOLID ROCKET MOTOR 
X (THRUST) AXIS INSTRUMENTATION 


Accelerometer 

Deaignatlon Accelerometer Location 


A-l-X 

(Input Control) 


A-2-X 


A-3-X 


A-4-X 

A-5-X 

A-6-X 


On the top aurface of the aplit ateel ring that ia 
bolted to the magnesium teat fixture and Immediately 
adjacent -fO the motor mounting lug at 90*. 

On the apex of the exterior surface of the motor 
forward dome. 

On the motor aft dome at 90* and adjacent to the 
nozzle boss. Accelerometer A-3-X will be mounted 
so that its sensitive axis will be parallel to the 
thrust (x) axis of the motor. 

On the centerline of the propellant bore at a dis- 
tance of 12.48" from the aft surface of the nozzle 
boss . 

On the propellant bore at 90* and 7.49" from the aft 
surface of the nozzle bo is. 

On the propellant bore at 90* and 2.70" from the aft 
surface of the nozzle boj>s. 
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Ill, vibration TaaC Inacruinvncatlun (coiit.) 


‘B. TRANSVERSE Y (90*-270*) AXIS INSTRUMENTATION 

Six cryaCal accelcroaiotcra having flat frequency reaponae 
character latlca over a frequency range of 5-2000 Hz will be mounted on 
the teat aupport fixture, the motor case, and on the propellant bore as 
shown in Figure 2. 


The specific locations and orientations of the six transverse 
y axis accelerometers are described in the following table: 


ACCELEROMETER INSTRUMENTATION PLAN 
STERILIZABLE SOLID ROCEET MOTOR 
TRANSVERSE Y (90*-270*) AXIS INSTRUMENTATION 


Accelerometer 

Designation Accelerometer Location 

A-l-Y On the top surface of the split steel ring that is 

(Input Control) bolted to the magnesium teat fixture and mounted 

adjacent to the motor mounting lug at 90*. 

A-2-Y One the apex of the external surface of the motor 

forward dome. 

A-3-Y On the motor aft dome at 90* and adjacent to the 

nozzle boss. Accelerometer A-3-Y will be mounted 
so that its sensitive axis is parallel to the trans- 
verse y (90*-270*) axis of the motor. 

A-4-Y On the centerline of the propellant bore at a dis- 

tance of 12.48" from the aft surface of the nozzle 
boss . 

A-5-Y On the propellant bore at 90* and 7.49" from the aft 

surface of the nozzle boss. 

A-6-Y On the propellant bore at 90* and 2.70" from the aft 

surface of the nozzle boss. 
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IV. 


VIBRATION TLSI PKOCLDtRES 


A. GENERAL 

This vibration teat program differs from conventional vibration 
qualification test programs from the standpoint that the sinusoidal and 
random vibration endurance test input spectra are not specified in the 
Exhibit "A" Statement of t.’''rk o'. JPL Contract No. 953848. 

One ohieccive of this vibration test prog. am is to determine 
a set of siruscidal and random vibration test conaitions that arould give 
the motor a 50/50 chance of survival when subjected to the selected test 
environments. In the event that the vibration test environment that would 
give the motor a 50/50 chance of survival is excessively and unrealistically 
more severe than vibration test environments that are generally specified 
for similar t/pes of Apogee Kick motor, a set of realistic sinusoidal and 
random vibration text conditions will be selected for the motor test pro- 
gram that represent a realistic and reasonable overtest condition. 

The sinusoidal and random vibration test environments that 
will be considered for possible application to the JPL sterilirable motor 
will be derived from those that have been applied to the ASPC SVM-1 through 
SVH-6 space vehicle motors during past solid rocket motor vibration test 
programs . 


The vibration test environments tliat have been applied during 
the past 10 years to the various ASPC Apogee Kick motors represent the 
sinusoidal and random vibration environments that are imposed at the 
structural i.iterface between tlie Apogee Kick motors and the Spacecraft 
during launch of a Communications Satellite and other types of space sur- 
veillance vehicles. 
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IV, A, i.fiu-riil (cttni.) 


The vibration and sliock teat environments tliat have been 
specified for the |,''eviously completed Apogee Kick motor test programs 
are of short durations tliat are generally less than four mlnutes/motor 
test axis. 

The final selection of the thrust and transverse axis sine 
and random vibration endurance test input spectra will be made after 
the 1-C Sine Survey tests have been completed on each motor test axis. 
This selection will be based on the results of 1-G Sine Survey tests 
and the pre-test motor stress analysis. 

The vibration test sequences and procedures that will be 
used to accomplish the objectives of this vibration tes^. program are 
described In the following sections of this test plan. 

B. VIBRATION TkST SEQUENCE 

The following types of vibration tests will be perforsed on 
the test moto: in the following listed test sequence: 

1. Transverse y (S0*-270*) Axis 1-G Sine Survey Test 

2. Thrust (x) Axis 1-G Sine Survey Test 

3. Thrust (x) Axis Sinusoidal Sweep Vibration Endurance 
Test 

4. Thrust (x) Axis Random Vibration Endurance Test 

5. Transverse y (90*-270*) Sinusoidal Sweep Vibration 
Endurance Test 

6. Transverse y (90*-270*) Random Vibration Endurance 
Test 
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IV, VMimiIImm Ti-Ml Frol fdiir»-(i (rout.) 


C, 1-G SINE SURVEY VIbkATlON TEST PROCEDURES 

Each aine sweep survey test will consist of one sine sweep up 
from 10-2000 HZ at a constant 1-g (zero-to-peak) input acceleration level 
using a logarithmic sweep rate of two octaves/min. 

The appli'.'i -f l.Og input level will be controlled and monitored 
at the input control accelerometer A-l-X during the X-axis sine sweep survey 
test and at input control accelerometer A-l-Y during the V-axls sine sweep 
survey test. 

The output signal of the input control accelerometer will be 
displayed on an oscilloscope during the 1-C sine survey test and the ampli- 
tude and wave form of the input control signal will be monitored throughout 
each 1-G Sine Survey Test. 

The responses of all six accelerometers will be continuously 
recorded on a magnetic tape recorder tliroughout each 1-C Sine Survey Test. 

After each sine survey test has been completed, all six channels 
of acceleration response data recorded during each sine survey test will be 
played back ‘.nrough a 2U-Hz bandwidth tracking filter onto an x-y plotter. 

The six acceleration versus frequency x-y plots will be analyzed 
by the "on-site" ASPC Dynamics Engineer and the frequency response data 
obtained from the 6 x-y plots will be evaluated with respect to the results 
of tlie pre-test motor and propellant retention system stress analysis. 
Failure limits of the propellant or the 33-disc propellant retention system 
with respect to botli sinusoidal and random vibration input spectra will be 
established . 
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IV, )>(; Sint.’ Survey Vibration Tunt Procedures (cont.) 


f 


I 


i 




A sinusoidal sweep vibration eitdurance test input spectrum and 
a random vibration endurance test input spectrum that will give the motor 
a 50/50 ciiance of survival, or a less severe test environment that consti- 
tutes a reasonable over-test condition will then be specified for each of 
the two motor test axes. 

D. SINUSOIDAL SWLEP VIUKAIION ENDURANCE TEST PROCEDURE 

Based upon past ASPC vibration test experience with 6 previ- 
ously completed Apogee Kick motor vibration test programs, and knowledge 
of typical sinusoidal vibration environments generated during the launch 
phase of a space vehicle, a sinusoidal sweep vibration endurance test will 
be selected for each motor test axis. 

The sinusoidal sweep vibration endurance test for each motor 
test axis will consist of one sweep up from 10-2000 Hz using a logarithmic 
sweep rate of two uctaves/min. The establishment of the maximum accelera- 
tion input levels and the shape of input spectrum to be applied to each 
motor test axis will be specified prior to the start of each sinusoidal 
sweep vibration endurance test. 

The test procedures to be used during each sinusoidal sweep 
vibration endurance test arc identical to those described above for the 
1-G Sine Survey tests. 

The response of the six accelerometers will be continuously 
recorded on a magnetic tape recorder during each sinusoidal sweep vibra- 
tion endurance test. 

The time required to sweep from 10 to 2000 Hz at a logarithmic 
sweep rate of two octaves/min. is 3.82 min. 
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IV. I>, MnuMuttisI Swirt-p VilirutltM) I ii«Jur.inLL< lest I’roredure (conl.O 

Filtered (20 Hz ba'idwidth tracking filler) x-y acceleratlon- 
ver sua-lrequency x-y plots of the responses of the 6 attached acceleroneters 
will be made from tape playbacks of the accelerometer data that were re- 
corded during the sinusoidal weep vibration test. The 6 x-y plots will be 
analyzed by the "on-slte" ASPC Dynamic tnglneer and the acceleration- 
frequency response data obtained from the 6 x-y plots will be compared 
with corresponding x-y plots obtained from the 1-C Sine Survey tests. 

These data will be evaluated with respect to the pre-test motor stress 
analysis results and tlie specified random vibration endurance test input 
spectrum. Final selection of the random vibration endurance test Input 
spectrum will be made after this evaluation has been completed. 

E . RANDOM VIBRATION ENDURANCE TEST PROCEDURES 

The following random vibration tests will he conducted over a 
test frequency range of 20-2000 Hz In the following test sequence: 

1. "Closed Loop" equalization checkout using the specified 
random vibration endurance test Input spectrum. 

2. Low-level (10 db uown) equalization test. 

3. A 15-sec full-level random vibration test using tlie 
specified random vibration endurance test Input spectrum. 

4. A full-level random vibration endurance test of 1.75-min. 
test duration. 

The specified random vibration input spectra will be controlled 
and monitored at Input control accelerometer A-l-X during the x (thrust) 
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IV, K, Random Vibration Knduranre Teat Rrocedurea (cunt.) 

axis random vibration teata and at input control accelerometer A-l-Y during 
the tranaverae y-axis random vibration testa. 

The responses of 6 accelerometers will be continously recorded 
on a magnetic tape recorder during the lew-level equalization, the 13 sec 
Cull level random, and 1.73-min. full level random vibration tests. 

Power spectral density analyses (30 Hz or narrower analyzer 
filter bandwidth) will be made for all 6 channels of random response data 
recorded in each motor test axis. The overall g-rms level will be deter- 
mined for each data channel analyzed and the numerical value of the overall 
g-rms level will be entered on each PSD plot. 

F. VIBRATION TEST TOLERANCES 

1. Sinusoidal Vibration Tests 


The sinusoidal vibration input amplitudes shall be with 
^ 10% of specified input levels. 

All vibration frequencies shall be within -f 2%, or 
-f 1/2 Hz below 20 Hz. 

2. Random Vibration Tests 

The specified random vibration input spectra shall be 
within jh 3 db over the test range of 20-2000 Hz. 

The applied overall g-rms level of the specified random 
vibration input spectra shall be within ;f 10% of the specified overall 
g-rms level. 
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IV, F, Vibration Teat Tolerancca (cont.) 


Tha on-lina, contiguoua filter of the equalizatlon/analyais 
syatea ahall have a filter bandwidth of 50 Hz, naxinum. 

V. VIBRATION DATA REQUIREMENTS 

The nuaber of x-y (acceleration versus frequency) plots and P.S.U. 
(Power Spectral Density versus Frequency) plots required at the coaipletion 
of thia vibration test program are: 


Test Type 


No. of x-y 
Plots Required 


No. of PSD 
Plots Required 


y-Axis 1-C 

Survey Test 6 

x-Axis 1-G 

Survey Test 6 

x-Axis Sine 

Endurance Teat 6 

x-Axla Random 


Endurance Test 6 

y-Axis Sine 

Endurance Teat 6 

y-Axia Random 

Endurance Test _6 

Total 18 18 


VI. PHOTOGRAPHIC REQUIREMENTS 


Still photographs will be taken to show the following: 


A. Overall views of the test setup used in conductirq the vibra- 
tion tests in the thrust and one transverse axes of the motor. 
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VI, riiiiltigrMplilt: rtmi'iit « (conti) 

'B. Cloae-up views of all externally nounted acceleronetars . 

C. If dasuige or structural f:.ilure occurs, close-up views of 
the damaged or failed parts will be taken. 

A minimum of four views will be taken for each test set-up. 
Three glossy prints, size 8-1/2 x 11" of each photograph will be pro- 
vided, complete with identification, date, and caption. 
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